Observation of the 7=12 rotational transition of BaO in a microwave absorption spectrometer at 1700 °C is described. For 135 BaO and 137 BaO the nuclear electric quadrupole constants, e q0 Q, in the ground vibrational state are reported.
A large group of diatomic molecules has eluded microwave absorption spectroscopy principally because the vaporization temperature is higher than 1000 °C. The group II a and transition metal monochalcogenides are good examples of such high temperature molecules. Measurements of rotational spectra of several of these have been obtained by the molecular beam electric resonance method. The rotational spectra of BaO 1 and SrO 2 and the dipole moments of BaS 3 , GeO 4 and SiO 4 have been measured by this technique. Unfortunately, molecular beam surface ionization detection is rather selective and electron bombardment detection is relatively inefficient. Due to the lack of an efficient general purpose detector, systematic studies of these high temperature species by electric resonance is still not possible. Aside from the basic interest in studying molecular properties, knowledge of the rotational spectra of molecules like MgO and SiO is of great interest to infrared and microwave astronomers who are attempting to determine the composition of stars and interstellar matter. In order to study such high temperature species we employ a molecular beam-microwave absorption spectrometer with a water cooled absorption cell. The advantage of this spectrometer over the electric resonance type lies in the use of microwave absorption detection instead of molecular ionization detection. In addition, this cold cell spectrometer is not limited to 1000 °C like the typical hot cell microwave spectrometer. In this report we hope to demonstrate the utility of the molecular beam-absorption technique for studies of molecules requiring up to 2000 °C for vaporization.
The spectrometer employed in the present study had been successful in the past up to about 1300 °C for the study of SiO 5 . Subsequent investigations of species requiring temperatures higher than about 1500 °C were hampered by the disturbance of the Stark modulation field and microwave transmission by electrons and ions emitted from the oven into the absorption cell. These difficulties have now been overcome by the use of a novel superheterodyne detection scheme and high power Stark generator. These problems and the techniques used to eliminate them are described in detail in a recent report 6 .
Barium oxide is a good candidate for this initial high temperature study since its rotational spectrum has been measured 1 and because its vaporization temperature is about 1700 °C. In addition, it was possible to obtain some new information, i. e. measurement of the nuclear quadrupole coupling constants of 135 BaO and 137 BaO. The 7=l->2 rotational transitions of 135 BaO, 136 BaO, 137 BaO and 138 Ba0 were observed by heating reagent grade BaO in a molybdenum oven to 1700 °C. The line widths at half maximum were approximately 300 kHz. The best signal-to-noise ratio obtained for 138 BaO, v = 0 was about 30 using a 1 sec time constant.
The observed transition frequencies are listed in Table 1 . The rotational constants listed in Table 2 BaO and 135 BaO, and the e q Q constants were derived from the differences between these calculated line positions and the observed transitions shown in Table 1 .
a Calculated from 702= -4 5e 3 /coe 2 with o)e=669.81 cm -1 .
The slight discrepancies might be due to the fact that our line shapes were slightly asymmetric since the background disturbances from the emitted electrons and ions could not be suppressed completely. We hope to eliminate this problem with an improved cell design and detection system.
The ratio of the quadrupole moments e g0 Q ( 137 Ba) /e q0 Q ( 135 Ba) = 1.73 (43) agrees well within the estimated error with the ratio obtained from the 6s 6p : 3 Pt atomic states 7 :
<2I37/<2I35 = 1.537(2). The hyperfine structure of the S P2 atomic state of Ba has not been measured. However, to a good approximation 8 the nuclear quadrupole coupling constants, B, for the Ba 6s 6p : 3 P2 state may be given as B ( 3 P2) = -1.83 B(»Pi).
For comparison to the molecular hyperfine structure, one derives the axial component of this constant for the atomic state as 9 : e <7nio Q --2 B ( 3 P2) 
